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Abstract 

We analize semi-inclusive electron-nucleus processes e-\-A^e'-^h + X at 
moderate and energy transfer v. Our results show that nucleons bound in 
the nuclear medium are distributed according to a function Ja that reduces 
to the standard light-cone distribution in the Bjorken limit and exhibits a 
sizeable Q'^-dependence at lower Q^, particularly when ~ u"^. This dis- 
tribution function is employed to calculate the cross section of the reaction 
e + A ^ e' + p -\- X, in the kinematical region in which the detected proton 

is emitted backward in the target rest frame. 
PACS numbers: 13.60.Le,25.30Fj,25.30Rw 
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Typeset using REVT^ 



The semi-inclusive electron-nucleus scattering process e + A-^e' + h + X,m the kine- 
matical region in which the detected hadron h is emitted approximatively backward in the 
target rest frame, has been recently investigated both experimentally [jl| and theoretically 
0. These studies were mainly aimed at pinning down the role of the high-momentum tails 
of the nucleon momentum distribution in nuclear matter. In ref. [0] two approaches, based 
on different descriptions of nuclear structure at short interparticle distance, were compared. 
The first one was based on nuclear many-body theory, in which the nuclear target is de- 
scribed in terms of nonrelativistic structureless nucleons whose distributon in momentum 
and removal energy is dictated by the nuclear spectral function P(k,E). Within the alter- 
native approach, on the other hand, the relativistic invariant phase space volume availible 
to a quark in a nucleus was computed taking into account nucleon-nucleon correlations and 
the true Regge asymptotic of the quark distribution in the nucleon. 

In the first approach discussed in ref. p[ the spectral function is used to generate the 
distribution of nucleons in the nuclear target, /yi, as a function of the relativistic invariant 
quantity 

In the above equation Pa = (M^, 0), Ma being the target mass, and k = {ko, k) denote the 
initial four-momenta of the target nucleus and the struck nucleon in the laboratory frame, 
respectively, q = {u, q) is the four-momentum transfer and m is the nucleon mass. The 
regime of deep inelastic scattering (DIS) is defined by the Bjorken limit Q^,// oo with 
X = Q'^ /2mv finite {Q^ = |qp — z/^ = — g^). In this limit the variable z reduces to the 



ordinary light-cone variable: 



k+ (fcp - k,) 

ZBj — — . [^) 

m m 



However, it has been recently pointed out that when the value of is not large enough 
and the Bjorken limit is not yet reached the quantity z cannot be identified with the light 
cone variable. As a consequence, the distribution function /a depends upon both z and 



P = (Iql/z^) = (1 + 4m^x^/Q^)^/^. The results of ref. show that this /^-dependence is 
sizeable, particularly at 2; > 1. 

The semi-inclusive spectra of vr mesons and protons discussed in ref. have been pro- 
duced scattering 14.5 GeV electrons and positrons off CO at moderate and v. The kine- 
matical domain covered by the experiment corresponds to energy loss 0.2 < v < 12. 'b GeV 
and Q'^ in the range 0.1 < < 5.0(Gey/c)^. Hence, the beta dependence of the distri- 
bution function is expected to be relevant to the theoretical analysis of the data of ref. 
|1[] and has to be quantitatively taken into account. In this note we extend the calculations 
of ref. 0, including the dependence of upon [3 in the analysis of semi-inclusive 

e + A^e' + h + X processes at moderate and z/. 

The distribution function fA{z,P) is defined as: 

Uz,P)=zJd^kS{k)6(^z--^^^'^ , (3) 

where S{k) denotes the relativistic vertex function, that can be approximated by the non- 
relativistic spectral function P(k, E) according to 

S{k)=(^^y{k,E), (4) 

with 

ko = MA-[{MA-m + Ef+\k'' (5) 

The details of the calculation of fA{z,P) are presented elsewhere and will be omitted 
here for the sake of conciseness. The numerical results of ref. 0, corresponding to infinite 
nuclear matter at equilibrium density, are summarized in Fig. 1, where the z behaviour 
of the function fA{z,i3) is shown for different values of /3. It clearly appears that fA{z,P) 
strongly depends upon j3 ai z > 1. 

Let us now turn to the semi-inclusive momentum spectrum of the protons emitted in 
the e + A^e' + p + X around the backward direction, in the kinematical region forbidden 
to the quasi-free electron-nucleon process. At small transerse momenta, i.e. at pt ~ 0, 
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this spectrum, that will be denoted pi^z^x^Q"^), is proportional to the distribution of the 

nucleons in the target as a function of the variable defined as in eq.(l). According to 

the two approaches discussed in ref. this distribution can be identified with either the 

function of eq.(3) or with a function Ta{z), constructed under the assumption that 

the nucleus can be viewed as a collection of multiquark bags whose structure functions 

exhibit Regge asymptotic behaviour Within the framework of the latter approach the 

hadron yields measured in hadron-nucleus collisions in the kinematical region forbidden to 

hadron-nucleon inelastic scattering , the so-called limiting fragmentation processes, can be 

quantitatively accounted for 1^-0]. However, in this picture the argument of the distribution 

function T4 is the usual light-cone variable ZBj-, that coincides with z of eq.(l) in the Bjorken 

limit only. One has: 

( n2\ [ a2 da{e + A ^ e' +P + X) ^ ^ 

p{z,x,Q)^jdp,E, ^^^J^^, T^(.B,)F, (x,Q), (6) 

where F,^{x,Q'^) is the nucleon structure function. On the other side, the first approach 
discussed in ref. 0] , based on the use of the nuclear spectral function, leads to the following 
expression: 

p{z,x,Q')^ fA{z,Q')F,''ix,Q') , (7) 

with J'a defined as in eq.(3) (notice however that in the above equation, the dependence 
upon P has been replaced with an explicit dependence upon Q^). 

In order to compare the spectra defined by eqs. (H) and (0) to the data of ref. one has 
to integrate over the relevant ranges of and z/, as done in ref. . The integrated spectra 
are shown in Fig. 2 as a function of the kinetic energy of the detected proton, T, emitted at 
angle O = arccos(— 0.55) with respect to the direction of the thre-momentum transfer q. The 
calculations have been performed using the empirical nucleon structure function F.^{x,Q'^) 
at 0.2 < < 5 (GeV/c)^, extracted from electron-proton and electron-deuteron data 
according to the parametrization of ref. ||^. 

The solid line in Fig. 2 represents the integrated proton spectrum computed using eq.(0), 
with /a(-2, /5) given by eqs.(3)-(5), and the nuclear matter spectral function of ref. 0. The 
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calculation has been carried out for proton kinetic energies T < T^ax, with T^ax ~ 0.28 GeV, 
that corresponds to z < 1.9. This cutoff reflects the momentum range k < 0.8 (GeV/c) 
covered by the spectral function of ref. . The effect of the dependence of the distribution 
function upon (3 (or, equivalently, upon Q^) can be estimated comparing the solid line to 
the dashed line, which has been obtained setting /? = 1, i.e. identifying z of eq.(l) with the 
light-cone fraction of eq.(2). The two curves significantly differ, indicating that, as expected, 
in the moderate range of the data of ref. [1] the Bjorken limit is not applicable and the 

dependence associated with the distribution function cannot be disregarded. 

In Fig. 2 we also show, for comparison, the integrated proton spectrum computed from 
eq.(H) with the distribution function Ta discussed in ref. 0. Comparison between the solid 
and dot-dash lines suggests the existence of a connection between the processes h+A p+X 
and e+A e'+p+X when the produced proton is emitted backward, i.e. in the kinematical 
domain forbidden to hadron-nucleon and electron-nucleon collisions. 

In conclusion, the results of our work, summarized in Figs. 1 and 2, show significant 
dependence of the nucleon distribution upon the magnitude of the virtual photon ve- 
locity (3 = |q|/z^, or equivalently upon Q^, at fixed x. The inclusion of this effect in the 
theoretical analysis of semi-inclusive backward proton production in the kinematical regime 
of the experiment reported in ref.[l] leads to an improvement of the agreement between 
theory and data up to T ~ 2.8 GeV, corresponding to the maximum quantity z{Q'^) ~1.9. 
Unfortunately, the limitations inherent to the nonrelativistic nature of the many-body the- 
ory employed in the calculation of the spectral function make it impossible to extend the 
calculation of /^(z,/?) to larger values of z. 

The results obtained from eq. (||) using the nucleon distribution Ta dictated by true Regge 
asymtotic at zsj —>■ 2 and zsj 3 are also in satisfactory agreement with the data at 
T < 2.8 GeV. In addition, they account for the qualitative behaviour of the experimental 
spectrum up to T ~ 0.4 GeV, corresponding to zbj ~ 2.5. A detailed theoretical analysis 
of the relationship between the functions J'a and Ta may therefore provide some guidance 
on the the extrapolation of the nuclear spectral function to the large k domain, inaccesible 
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within nonrelativistic nuclear many-body theory. 
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FIGURES 

FIG. 1. z-dependence of the distribution function fA{z,f3) of eq.(3) at different values of /3. 
Solid line: /? = 1; dashed line: j3 = 1.1; dot-dash line: j3 = 1.2; dotted line: j3 = 1.3. 

FIG. 2. Kinetic energy spectra of protons emitted at angle 6 in the semi-inclusive recation 
e + CO e' + P + X. The solid curve corresponds to the full calcutaion carried out using eq.(7), 
whereas the dashed line represents the results obtained setting (3=1. The dot-dash line shows the 
spectrum calculated from eq.(6) using the nucleon distribution of ref.[5]. The experimental 
data are taken from ref.[l]. 
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This figure "figl-l.png" is available in "png" format from: 



http://arXiv.org/ps/hep-ph/9707252vl 



This figure "figl-2.png" is available in "png" format from: 
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